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SUMMARY 


Experiments  are  described  In  which  a protein  free  extract 
of  plasma  obtained  from  anemic  rabbits  was  Injected  Into  healthy 
young  rats.  The  resulting  erythropoietic  response  was  compara- 
ble to  that  Induced  by  hypoxia.  The  findings  suggest  that  a 
humoral  factor  was  at  work  which  was  capable  of  disturbing  the 
physiological  mechanisms  which  establish  the  equilibrium  between 
red  blood  cell  formation  and  destruction.  The  far  reaching  sig- 
nificance of  these  findings  are  apparent. 


INTRODUCTION 

The  experiments  reported  here  were  suggested  by  the  findings 
In  two,  at  the  time,  unrelated  and  Independent  lines  of  Investi- 
gation. One  Is  the  Increase  in  hemoglobin  and  erythrocytes  at 
high  altitude  (low  oxygen  tension).  The  other  Is  the  stimula- 
tion of  amino  acid  Incorporation  In  vitro  Into  the  proteins  of 
rabbit  reticulocytes  by  extracts  o?  liver  and  plasma  described 
by  Borsook  and  his  associates  (l).  Ui^avbl(n~Und  Drabkin  ( P) 
proved  that  In  the  erythropoietic  acclimatization  to  low  oxygen 
tension  heme  (and  Inferentlally  hemoglobin)  synthesis  is  acceler- 
ated. Among  the  several  Interpretations  of  this  fact  is  that 
erythropolesls  Is  regulated  by  a humoral  factor:  All  other 

things  being  equal,  an  Increase  In  the  humoral  factor  causes  an 
Increase  In  erythropolesls,  and  vice  versa.  It  was  possible 
that  the  factor  (or  factors)  In  liver  or  plasma  which  stimulates 
amino  acid  Incorporation  (protein  synthesis)  In  reticulocytes 
might  be  the  humoral  factor,  related  to  It,  or  function  like  It. 

The  factors  found  to  stimulate  amino  acid  Incorporation 
Into  rabbit  reticulocyte  proteins  fall  Into  three  categories. 

One  consists  of  certain  amino  acids:  histidine,  leucine,  pheny- 

lalanine, tryptophane  and  valine.  A second  we  have  designated 
as  arbohydrate  metabolism  factors;  these  are  glucose  plus  either 
adenoslnetrlphosphate,  dlphosphopyrldine  nucleotide,  or  trlphos- 
phopyrldlne  nucleotide.  Deprotelnlzed  extracts  of  liver  and 
plasma  are  In  a third  class  since  their  effects  cannot  be  as- 
cribed to  either  amino  acids,  glucose,  or  any  of  the  known  co- 
factors, vitamins,  or  common  metabolites  they  contain.  It 
seemed  unlikely  that  In  normal  animals  feeding  or  Injection  of 
glucose  and  cofactors  could  have  any  significant  effect.  Accord- 
ingly, we  tested  the  effects  of  Increasing  the  amounts  of  the 
stimulating  amino  acids  In  the  diet  and  of  Injecting  extracts 
of  liver  and  of  plasma. 

The  following  amino  acid  supplement  to  the  normal  ration 
was  prepared.  To  265  gm,  of  dry  chow  powder  was  added  0.7  gm. 
of  L-tryptophauie  and  2.8  gm.  each  of  L-histldlne,  L-leuclne, 
L-lyslne,  L-pheny lalanine , and  L-vallne.  Fifty  mg.  of  supple- 
mental amino  adds  per  100  gm.  of  body  weight  In  the  form  of 


the  mixture  was  the  only  food  given  the  animals  at  night  so  that 
they  ate  all  of  It,  In  the  day  time  the  usual  laboratory  feed 
was  available  to  them  ad  11b.  The  group  consisted  of  5 male 
and  5 female  normal  aduTt  rats.  At  the  end  of  6 weeks  there  was 
no  significant  change  or  trend  In  the  amount  of  hemoglobin  or 
the  erythrocyte  count  of  any  of  the  animals. 

A preliminary  experiment  with  a deprotelnlzed  liver  extract 
was  carried  on  for  11  days;  positive  (or  Inhibitory)  effects 
did  not  appear.  Positive  results  were  obtained,  however,  with 
deprotelnlzed  plasma  and  these  experiments  will  now  be  described. 


FIRST  SERIES 

Procedure  — The  plasma  extract  was  prepared  as  follows.  One 
ml.  of  a 2,5  percent  solution  of  phenylhydrazlne  hydrochloride 
(neutralized)  was  injected  subcutaneously  into  adult  rabbits. 

After  seven  dally  injections  the  animals  were  anemic  and  85-95 
percent  of  the  erythrocytes  were  reticulocytes.  Blood  was 
collected  by  bleeding  from  the  ear  vein  or  by  cardiac  puncture; 
coagulation  prevented  by  heparin,  20  mg.  of  sodium  heparin  per 
100  ml.  of  blood.  The  plasma  was  pipetted  off  after  centrifu- 
gation, Its  pH  brought  to  5.5  with  HCl,  and  then  It  was  heated 
In  a water  bath  for  15  minutes.  A volume  of  redistilled  water 
equal  to  that  of  the  plasma  was  added  to  the  coagulum,  stirred 
thoroughly,  and  the  suspension  was  boiled  for  5 minutes,  then 
filtered.  There  were  three  such  washings  of  the  coagulum. 

The  washings  and  original  filtrate  were  concentrated  ^ vacuo 
(with  heat)  to  the  original  volume  of  the  plasma.  This  solution 
still  contains  a small  amount  of  protein  (denatured)  and  Is 
usually  strongly  opalescent. 

Rather  than  test  the  extract  on  anemic  animals  by  comparing 
rates  of  regeneration  of  hemoglobin  and  red  cells  against  con- 
trols, It  was  decided  to  use  normal  ainlmals.  This  constituted 
a far  more  rigid  test  Inasmuch  as  an  Increase  In  erythropolesls 
would  Indicate  that  the  usual  controls  had  been  altered.  Sprague - 
Dawley  rats  were  used.  Experimental  and  control  groups  were 
litter  mates  matched  for  age,  sex,  weight,  hemoglobin  and  red 
cell  concentration.  The  animals  were  3-6  months  old  at  the 
beginning  of  the  experiment  and  their  weight  ranged  from  250- 
450  gm.  Two  ml,  of  the  extract  per  100  gm.  of  body  weight  was 
Injected  subcutaneously  dally.  The  animals  ate  normally,  did 
not  lose  weight,  and  appeared  healthy  after  4 weeks  of  such 
Injections. 

In  these  experiments,  strictly  comparable  control  groups 
(see  below)  received  dally  Injections  of  2 ml.  per  100  gm,  of 
body  weight  of  Krebs*  solution  (isotonic  saline  containing  100 
mg,  percent  glucose). 
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Blood  was  collected  twice  weekly  for  measurement  of  hemo- 
globin and  hematocrit  volume.  To  draw  the  blood  the  rat  was 
wrapped  In  a towel  with  Its  tall  protruding;  the  tall  was 
notched  with  a razor  blade  so  that  it  bled  freely.  Blood  was 
drawn  up  directly  Into  the  measuring  pipettes.  The  wound 

closed  spontaneously, 

* 

The  hemoglobin  determination  was  a modification  of  that  of 
Drabkln  and  Austin  (3),  To  0,020  ml.  of  blood  was  added  4 ml. 
of  water.  One  drop  of  2 percent  KoPe  (CN)6  was  added  to  the 
hemolyzed  blood  and  allowed  to  stand  for  10  minutes.  Then  0.5 
ml.  of  0.1  percent  KCN  was  added  and  diluted  to  10  ml.  with 
water.  The  photometric  reading  was  made  at  540  mp  against  a 
reagent  blank.  The  standard  was  a pure  cyanmethemoglobln  solu- 
tion treated  as  above.  The  hemoglobin  concentration  In  the 
standard  was  computed  on  the  basis  that  Its  nitrogen  content 
Is  16.7  percent.  The  results  are  expressed  as  gm./lOO  ml.  blood. 

The  hematocrit  was  measured  by  a modification  of  the  method 
of  Van  Allen  (4).  Blood  was  drawn  up  Into  a Van  Allen  pipette 
to  the  top  of  the  scale,  the  outside  of  the  tube  wiped  clean, 

1.8  percent  potassium  oxalate  was  drawn  up  half  filling  the  bulb, 
and  the  ends  closed  tight  with  a rubber  band.  The  pipette  was 
centrifuged  at  825  g for  15  minutes,  then  turned  through  I80® 
and  centrifuged  another  15  minutes.  The  volume  of  packed  cells 
was  read  directly  as  percent. 

Plasma  volume  was  determined  by  a modification  of  the  method 
of  Wang  and  Hegsted  (5).  The  animal  was  brought  under  light 
ether  anesthesia,  the  front  of  the  neck  shaved  and  washed  with 
alcohol.  A 2 cm.  Incision  was  made  from  the  clavicle  to  the 
mandible,  the  Jugular  vein  exposed  by  blunt  dissection.  Into 
which  was  Injected  0.4  ml.  of  0.1  percent  Evan’s  Blue  In  0.9 
percent  sodium  chloride.  Five  minutes  later  0.5  ml.  of  blood 
was  withdrawn  by  cardiac  puncture  Into  a syringe  moistened  with 
a heparin  solution.  To  0,4  ml.  of  blood  so  drawn  was  added 
3.6  ml.  of  0.9  percent  sodium  chloride  mixed  gently  and  the  sus- 
pension then  centrifuged  15  minutes.  The  color  of  the  super- 
natant solution  was  measured  against  plasma  diluted  10  times  as 
a blank.  The  photometric  reading  was  made  at  620  m^  and  com- 
pared with  a standard  of  Evan’s  Blue  (10  jtigm  per  ml.  In  0.9  per 
sodium  chloride).  The  results  were  expressed  as  ml.  per  100  gm, 
of  body  weight. 


Results  — The  changes  observed  In  hemoglobin  and  hematocrit 
values  are  given  In  tables  1-4.  No  significant  changes  were 
noted  until  one  week  after  beginning  the  dally  Injections  of 
plasma  filtrate.  Then,  both  the  hemoglobin  and  hematocrit  values 
Increased  proportionally  In  the  experimental  animals  for  several 
weeks,  the  males  responding  more  slowly  than  the  females.  This 
Is  shown  by  the  absolute  values  of  the  average  increases  (^) 


3 


In  the  experimental  animals  as  compared  with  the  controls  and  In 
the  statistical  quantities  t and  P*.  In  the  control  animals 
there  were  no  statistically  significant  changes  throughout  the 
experimental  period. 

The  possibility  was  tested  that  the  Increases  In  hemoglobin 
and  hematocrit  volume  In  the  animals  receiving  the  plasma  filtrate 
might  be  due  to  hemoconcentratlon.  Plasma  volume  was  determined 
on  experimental  and  control  groups  of  males  and  females  approxi- 
mately 4 weeks  after  the  beginning  of  the  Injections.  The  re- 
sults summarized  In  table  5 show  that  the  blood  volume  was  not 
significantly  different  In  the  experimental  than  in  the  control 
groups  and  that.  If  anything,  the  experimental  animals  had  a 
somewhat  larger  blood  volume.  Since  the  hemoglobin  and  hemato- 
crit values  are  concentrations,  larger  blood  volume  tended  to 
reduce  these  values.  It  Is  clear  that  the  increases  observed 
In  the  experimental  groups  could  not  have  been  an  expression  of 
hemoconcentratlon . 


SECOND  SERIES 

An  Independent  assay  of  the  plasma  filtrate  was  carried  out 
at  the  U.  S.  Naval  School  of  Aviation  Medicine  In  Pensacola, 
Florida.** 


Procedure  — One  assay  was  carried  out  on  male  and  the  other  on 
female  rats  of  the  Sprague -Daw ley  strain.  There  were  4 pairs 
of  animals  In  each  series.  Each  pair  wei*e  litter  mates,  one 
serving  as  the  experimental  animal  the  other  as  control.  In  the 
males,  the  experimental  subgroup  received  dally  Injections  of 
plasma  filtrate  for  7 weeks  and  the  control  subgroup  received 
Krebs'  solution.  The  dose  In  each  Instance  was  5.0  ml.  subcu- 
taneously, Measurements  on  the  blood  were  made  at  Intervals 
before,  during,  and  after  the  period  of  Injections,  The  pro- 
cedure In  the  case  of  the  females  was  the  same  except  that  they 
were  sacrificed  after  receiving  Injections  for  one  month  for  the 
purpose  of  studying  the  bone  marrow. 

Two  days  were  usually  reoulred  to  carrj’^  out  the  blood 
measurements  on  each  group,  but  for  statistical  purposes  the 
figures  were  lumped.  The  determinations  were  carried  out  on 
about  0,3  ml.  of  heparinized  blood.  This  was  obtained  by  ampu- 
ta  LCg  a wafer-thin  section  of  the  rat's  tall  with  an  especially 

*P  denotes  the  probability  of  the  difference  from  the  zero  time 
value  occurring  by  random  sampling,  A value  of  P of  less  than 
5 percent  Is  usually  considered  as  statistically  significant, 
and  less  than  1 percent  as  highly  significant. 

**We  are  Indebted  to  Mr.  James  Colehour,  head  of  the  clinical 
laboratory,  for  his  cooperation  and  to  Miss  Mary  McPhaul  and 
James  Herbert  Wagner,  SN,  USNR  for  technical  assistance. 
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designed  guillotine.  The  methods  described  above  were  used  In 
measuring  the  hemoglobin  and  hematocrit.  The  reticulocytes 
were  stained  and  counterstalned  resnectlvely  with  Azure  II  and 
Wright's  stain. 


Results  — The  chief  findings  are  summarized  In  table  6 and 
graphically  Illustrated  In  figure  1,  The  results  are  clearly 
cut,  both  In  the  male  and  female  animals.  With  the  exception  of 
the  initial  reticulocyte  counts,  the  values  for  the  control 
animals  In  the  male  group  were  quite  uniform  throughout  the  14 
week  period.  The  failure  of  these  values  to  Increase  in  young 
growing  rats  may  have  been  due  to  blood  loss.  In  contrast  to 
the  controls,  the  values  In  the  case  of  the  experimental  ani- 
mals showed  a rise  shortly  after  the  administration  of  the  plas- 
ma extract  and  a fall  to  control  level  shortly  after  the  Injec- 
tions were  discontinued.  Although  the  magnitude  of  the  Increase 
was  not  great  It  was  significant,  partly  because  of  the  temporal 
relationships  which  suggest  cause  and  effect  and  partly  because 
the  Increase  was  over  and  above  normal  values. 

In  the  case  of  the  females,  the  magnitude  of  the  response 
was  greater  than  In  the  case  of  the  males.  The  spread  between 
control  and  experimental  values  was  exaggerated  because  the 
blood  loss  produced  a noticeable  effect  In  the  control  animals. 

At  the  time  the  female  rats  were  sacrificed,  the  marrow 
from  the  femurs  was  removed  and  smears  prepared  which  were 
stained  with  May-Grlnwald  stain.  The  granulocytic  series  was 
counted  as  one  class  and  the  erythrold  elements  in  three  classes. 
The  results,  summarized  In  table  7,  reveal  Insignificant  dif- 
ferences between  the  control  and  experimental  subgroups.* 


DISCUSSION 

The  Important  question  Is  whether  our  results  can  be  . 
accepted  as  proof  of  the  presence  of  an  erythropoietic  factor  In 
the  plasma  filtrate.  The  evidence  although  Indirect  otherwise 
fulfills  rigid  criteria  of  erythropoietic  activity.  The  In- 
crease In  concentration  of  erythrocytes  and  hemoglobin  in  the 
peripheral  blood  can  only  be  explained  on  the  basis  of  hemocon- 
centratlon,  mobilization  of  erythrocytes,  or  increased  produc- 
tion. Hemoconcentratlon  was  ruled  out  In  the  series  of  experi- 
ments where  plasma  volumes  were  measured;  Indeed,  the  findings 
suggested  that,  if  anything,  the  experimental  animals  had  a 
larger  blood  volume  than  the  control  animals.  Mobilization  of 
erythrocytes  from  spleen  or  other  organs  Is  an  unlikely  expla- 
nation because  of  (1)  the  magnitude  and  long  persistence  of  the 
Increase  and  (2)  the  absence  of  hemoconcentratlon. 

*We  are  Indebted  to  LTJG  James  H.  Berrian,  MSC,  USN  for  this 
study  on  the  bone  marrow. 


That  Increased  production  of  erythrocytes  and  hemoglobin 
occurred  Is  suggested  not  only  by  the  Increase  In  concentration 
of  these  elements  In  the  peripheral  blood,  but  also  by  the  In- 
crease In  reticulocytes  and  by  the  overall  pattern  of  the  changes 
In  the  blood.  Retlculocytosls  was  regularly  observed.  In 
Series  II  the  Increase  In  reticulocytes  was  nearly  as  great  In 
the  control  as  In  the  experimental  animals,  probably  because  of 
blood  loss.  This  may  account  for  the  failure  to  observe  any 
difference  In  erythropoietic  activity  In  the  marrow  between  the 
control  and  experimental  female  rats.  The  most  convincing 
evidence  that  the  plasma  filtrate  caused  retlculocytosls  Is 
seen  In  the  notable  decrease  In  number  when  Injections  were  dis- 
continued In  the  male  experimental  subgroup  (figure  1). 

We  were  Impressed  with  the  remarkable  similarity  between 
the  blood  changes  observed  In  these  animals  and  In  suilmals  sub- 
jected to  reduced  oxygen  tensions.  As  far  as  we  are  aware  (6), 
this  Is  the  first  proof  that  a tissue  extract  can  produce  ery- 
thropolesls  In  normal  animals  comparable  to  that  induced  by 
hypoxia.  The  experiments  of  Erslev  (7)  and  Relsmann  (8)  are 
of  Interest  In  this  connection.  The  former  observed  an  ery- 
thropoietic response  in  normal  rabbits  I'/hen  Injected  with  large 
amounts  of  plasma  from  anemic  animals,  Reslmann's  observed 
erythropoleals  In  a parabiotic  rat  breathing  normal  air  while 
the  partner  breathed  a low  oxygen  gas  mixture.  Both  of  these 
experiments  as  well  as  our  own  strongly  suggest  that  a humoral 
factor  Is  at  work. 

It  Is  Interesting  that  the  stimulating  factor  (or  factors) 

Is  not  destroyed  by  fairly  prolonged  boiling  (l5  min.)  at  pH 
5.5  under  which  conditions  nearly  all  the  protein  In  plasma  Is 
coagulated.  Some  protein — material  precipltable  by  7 percent 
trichloroacetic  acid — remains  In  solution.  Ap  \ie  have  no  in- 
formation at  present  on  the  chemical  nature  of  the  stimulator. 

It  would  be  premature  to  exclude  the  uncoagfulated  protein  as 
the  factor.  The  factor  stimulating  amino  acid  Incorporation 
remains  In  solution  In  7 percent  trichloroacetic  acid.  If  the 
erythropoietic  factor  behaves  similarly  It  Is  certainly  not  a 
protein,  as  conventionally  defined.  Whether  or  not  these  two 
factors  are  the  same  or  related  is  under  Investigation. 


It  Is  not  to  be  Inferred  that  a similar  result  could  not 
have  been  obtained  with  plasma  extracts  of  Euilmals  with  normal 
blood.  The  factor  stimulating  aualno  acid  Incorporation  Into 
rabbit  reticulocyte  proteins  is  present  In  the  blood  of  all 
normal  animals  tested  for  this  factor.  In  their  erythrocytes, 
and  In  rabbit  reticulocytes.  Investigations  are  now  planned 
to  determine  whether  the  erythropoietic  factor  Is  present  In 
the  plasma  auid  red  cells  of  normal  blood  of  different  animals. 
The  isolation  of  the  eyrthropoietlc  factor  Is  in  progress. 
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TABLE  1 

FEMALES  EXPERIMENTAL 


Rat 

Zero 

time 

1 week 

2 

weeks 

3 weeks 

Hb 

Ht 

Hb 

Ht 

Hb 

Ht 

Hb 

Ht 

1 

15.2 

49 

15.4 

50.5 

16.8 

52.5 

2 

15.9 

50 

16.9 

54 

17.8 

57.5 

19.1 

64 

3 

14.4 

47.5 

15.6 

51 

17.7 

56.5 

18.0 

58 

h 

15.3 

48 

16.6 

55 

18.1 

60.0 

29.4 

66 

5 

14.7 

48.5 

13.9 

44 

14.1 

48.5 

15.6 

50 

6 

15.0 

46 

16.2 

52.5 

18.1 

60 

7 

15.9 

50 

13.0 

42 

18.2 

59.5 

8 

14.8 

47 

15.1 

52 

17.6 

57 

9 

15.1 

47 

16.9 

54 

17.7 

58 

10 

15.1 

47 

18.0 

54.5 

11 

14.6 

45 

15.4 

50 

17.3 

56 

12 

13.0 

41 

14.5 

47 

16.4 

54.5 

13 

14.2 

45 

15.6 

52.5 

17.0 

54 

14 

14.8 

43.5 

16.2 

55.5 

17.5 

57 

15 

13,8 

42 

16.2 

55 

17.8 

59 

Avg. 

14.8 

46.5 

15.7 

51.3 

17.3 

56.4 

18.3 

59.5 

S.D. 

40.56 

42.7 

tl.26 

♦4.0 

♦1.01 

13.15 

♦2.05 

♦7.2 

A 

+0.9 

4.8 

+ 2.5 

9.9 

+ 3.2 

11.0 

t 

2.38 

3.8 

7.41 

9.16 

2.99 

3.02 

P 

«5J<>15< 

-15^ 

-clji 

-sl5« 

<55<>15« 

r 


TABLE  2 


FEMALES  CONTROLS 


Rat 

Zero 

time 

1 

week 

2 weeks 

3 weeks 

Hb 

Ht 

Hb 

Ht 

Hb 

Ht 

Hb 

Ht 

1 

14.3 

45 

14.2 

42 

14.5 

45.5 

2 

13.4 

42.5 

14.7 

43 

14.1 

45.5 

3 

14.8 

47.5 

14.0 

47 

15.4 

47 

4 

14.3 

47.5 

14.6 

47 

14.9 

47 

5 

15.4 

46.5 

15.4 

47 

14.1 

47 

14.4 

47 

6 

14.0 

44 

14.0 

45.5 

14.5 

44 

13.8 

45 

7 

14.0 

42 

14.8 

45.5 

14.7 

44 

14.5 

46.5 

8 

13.8 

41 

13.6 

43 

14.1 

42 

13.4 

41 

9 

15.0 

47 

14.7 

47 

15.0 

47 

10 

15.5 

48 

15.0 

47.5 

15.7 

46.5 

11 

15.2 

49.5 

15.9 

50.5 

16.3 

51.5 

12 

13.9 

42 

13.2 

41 

14.6 

47 

13 

14.8 

44 

14.8 

47 

14.6 

45 

14 

14.7 

47 

14.8 

47.5 

13.1 

42.5 

15 

14.5 

44.5 

14.1 

43.5 

14.7 

46 

Avg. 

14.5 

45.2 

14.5 

45.6 

14.7 

45.8 

14.0 

44.8 

S.D. 

*0.62 

i2.6 

to, 69 

*2.6 

*0.75 

i2.3 

to. 52 

i2.7 

A 

0 

0.4 

♦0.2 

0.6 

-0.5 

-0.4 

t 

0 

0.423 

0.793 

0.645 

0.622 

0.824 

p 

»5!< 

>.5J< 

»55< 

> 55< 

5^5^ 

TABLE  3 

MALES  EXPERIMENTAL 


Rat 

Zero 

Hb 

time 

Ht 

1 week 
Hb  Ht 

2 weeks 
Hb  Ht 

3 weeks 

Hb  Ht 

4 weeks 
Hb  Ht 

1 

14.8 

47 

14.7 

49 

16.0 

49 

2 

15.9 

53.5 

16.8 

56.5 

18.2 

62 

17.4 

60.5 

17.1 

57 

3 

15.5 

49 

15.9 

51.5 

16.0 

57.5 

17.1 

52.5 

17.0 

54.5 

4 

14.4 

45 

12.4 

44 

14.7 

51.5 

16.7 

57.5 

16.9 

58.5 

5 

15.0 

51.5 

15.5 

54 

17.0 

58 

6 

13.8 

45 

15.0 

50 

16.6 

56 

17.0 

57.5 

17.8 

62 

7 

14.6 

50.5 

16.4 

56 

16.7 

57 

17.6 

60.5 

18.9 

62 

8 

14.0 

44 

15.7 

50 

16.5 

57 

13.0 

62 

19.0 

60.5 

9 

13.8 

43 

16.2 

51 

17.2 

59.5 

17.9 

63 

18.5 

59.5 

10 

12.6 

41.5 

15.2 

51 

16.2 

52.5 

17.3 

60 

18.5 

59 

11 

13.0 

43 

15.5 

51.5 

16.3 

53 

17.2 

56 

18.9 

59 

Avg. 

14.30 

46.63 

15.39 

51.31 

16.49 

55.72 

17.35 

58.83 

18.06 

59.11 

S.D. 

tl.O 

±3.5 

±1.55 

+3.7 

±0.87 

±3.8 

±0.42 

±3.3 

±0.86 

±1.9 

A 

1.09 

4.68 

2.19 

9.09 

3.05 

12.23 

3.76 

12.47 

t 

1.98 

3.29 

5.47 

6.14 

8.71 

8.43 

8.95 

9.81 

p 

>5S< 

<15< 

^1% 

-slje 

-=15^ 

<=■1% 

TABLE  k 

MALES  CONTROLS 


Rat 

Zero 

Hb 

time 

Ht 

1 week 
Hb  Ht 

2 weeks 
Hb  Ht 

3 weeks 
Hb  Ht 

4 weeks 
Hb  Ht 

1 

14.2 

47 

14.4 

46 

15.9 

50 

2 

15.1 

50 

14.7 

46.5 

16.3 

52 

3 

15.2 

48 

15.3 

46 

15.2 

49 

4 

16.5 

51 

16.5 

51 

13.^ 

44.5 

10.1 

40.5 

13.1 

44 

5 

16.3 

50 

15.7 

46 

15.5 

47 

15.2 

49 

14.0 

45 

6 

15.0 

46 

14.8 

46 

14.5 

46 

14.5 

45 

7 

16.2 

52 

16.0 

51.5 

15.8 

54 

15.2 

49.5 

14.4 

43 

8 

14.6 

42 

14.3 

47 

14.6 

45 

16.1 

52.5 

15.7 

48.5 

9 

14.2 

46 

14.0 

47.5 

14.5 

47 

15.6 

47.5 

17.1 

47.5 

10 

14.8 

46.5 

13.5 

45.5 

14.3 

47 

14.9 

48.5 

14.0 

44.5 

11 

14.3 

46 

14.4 

51 

15.6 

49 

15.9 

52 

15.2 

48 

12 

12.9 

44 

15.1 

46.5 

16.0 

49 

12.2 

43 

14.8 

50 

13 

14.7 

^5 

15.4 

48.5 

15.3 

48 

17.5 

54 

16.1 

48 

Avg. 

14.92 

47.1 

14.93 

47.6 

15.20 

48.4 

14.72 

48.25 

14.89 

46.85 

S.D. 

10.97 

12.9 

iO.84 

12.2 

<0.83 

14.4 

12.2 

14.2 

11.17 

±2.1 

0.01 

0.6 

0.30 

1.3 

-0.2 

1.15 

aO 

-0.25 

t 

»0 

0.6 

0.82 

0.88 

0.26 

0.78 

i»0 

0.23 

P 

>55^ 

>55< 

j»55< 

=*55« 

>55<  . 

>55^ 

TABLE  5 


BLOOD  VOLUME  OP  EXPERIMENTAL  AND  CONTROL  ANIMALS  TWENTY-SEVEN 


DAYS 

AFTER  BEOINNINO 

OP  INJECTIONS 

Weight 

Hb.  Ht. 

gm./lOO  ml.  percent 

blood 

Blood  volume 
ml./lOO  gm. 
body  weight 

Hb.  X 

B.V. 

Ht.  X 

B.V. 

EXPERIMENTAL  FEMALES 

340 

19.3 

62.5 

7.4 

143 

536 

296 

18.6 

61.5 

7.5 

139 

461 

302 

19.9 

66.5 

8.6 

171 

572 

284 

16.9 

53.5 

6.6 

111 

353 

Avg. 

18.7 

61.0 

7.52 

l4l 

459 

CONTROL  FEMALES 

292 

14.2 

42.5 

5.9 

84 

251 

284 

14.7 

44 

6.2 

91 

273 

308 

14.7 

47 

7.2 

106 

338 

358 

13.8 

42.5 

5.9 

81 

251 

Avg. 

14.35 

44.1 

6.30 

90 

278 

EXPERIMENTAL 

MALES 

330 

17.1 

57 

8.4 

144 

479 

464 

17.0 

54.5 

5.3 

90 

289 

368 

16.9 

58.5  . 

7.5 

127 

439 

Avg. 

17.0 

56.6 

7.06 

120 

399 

CONTROL  MALES 

406 

13.1 

44 

6.2 

81 

273 

500 

14.0 

45 

5.9 

83 

265 

492 

14.5 

45 

5.8 

84 

261 

476 

14.4 

48 

5.9 

§5 

283 

Avg. 

14.0 

45.5 

5.95 

83 

271 

MEAN  VALUES  OF  BLOOD  MEASUREMENTS  ON  FEMALE  AND  MALE  RATS.  THE  ^IN 
EACH  SUBGROUP  IS  4.  IN  THE  EXPERIMENTAL  SUBGROUPS  THE  FEMALES  RECEIVED  DAILY  INJECTIONS 
OF  FACTOR  X DURING  +1  THROUGH  +4  WEEKS;  THE  MALES  DURING  +1  THROUGH  +7  WEEKS 
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CELLULAR  COMPOSITION  OF  FEMORAL  BONE  MARROW  OF  8 FEMALE  RATS. 

THE  EXPERIMENTAL  GROUP  RECEIVED  DAILY  INJECTIONS  OF  FACTOR  X FOR  ONE  MONTH 
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Reticulocytes  1%RBC)  HEMATOCRIT  RBC  (millo«/mm’)  Hqb(gmX) 


MALES  FEMALES 


LEGEND 

c:ir3  Doily  injection  of  focfor  X 

Control 

c- Expcrimentol 


Changing  pattern  In  blood  of  rats  before, during  and  after  administration  of  factor  X. 
Eoch  point  represents  the  mean  values  based  on  four  animals  (for  exceptions  see 

Table  6). 


FIGURE  I 


